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XXXIX. Of the eleStrk Property of tU 
Torpedo, In a Letter from John Walfh, 
Efq\ F. R. S. to Benjamin Franklin, 
Efq\ LL.D.f ER. S., Ac. R. Par. Soc. 



XI*X£» j vXC* 



Cheftcrfield-Strcct, July 1, 1773. 



Dear Sir, 



Read July i, t Am concerned that other engagements 
17739 JL ^ ave prevented me from giving to the 
Royal Society, before their recefs, a complete ac- 
count of my experiments on the electricity of 
the Torpedo; a fubjedt not only curious in itfelf* 
but opening a large field for interefting inquiry, both 
to the ele&rician in his walk of phyfics, and to all 
who confider, particularly or generally, the animal 
ceconomy. 

To fupply the deficiency in the beft manner I am 
now able, I will requeft the favour of you to lay be~ 
fore the Society my letter from la Rochelle, of the 
1 2th July 1772, and fuch part of the letter I after- 
wards wrote from Paris, as relates to this fubjedh 
Loofe and imperfect as thefe informations are, for 
they were never intended for the public eye, they 
are ftill the mod authentic, and fo far the molt 
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fatisfa&ory I can at prefer) t offer, fince the notes I 
made of the experiments themfelves remain nearly, 
I am forry to fay it, in that crude and bulky ftate 
in which you had the trouble to read them. 

Letter from Mr. Walsh to t)t« Fjun&lim, dated 

la Reehelle, 12th July 1773. 

fe It h with particular fttisfe&i&ri I makfe to you 
<€ my firft communication, that the effect of the 
Torpedo appears to be abfolutely ek&rical; by 
forming its circuit through the fame conductors* 
u with ele&ricity, for inftancc metals, and water ; 
<c ind by being intercepted by the fame non-con- 
f< dudtors, for inftance gla&, and feaHng*wa*. I 
" will not at preient trouble you with the detail of 
** our experiments, efpecinHy as we arc daily ad- 
" vancing in them ; but only obferve, that we have 
" discovered the back and breaft of the animal to be 
c * in different flatus of eledtticity t I mean in par- 
€f ficular the upper and lowfer lutfaces of thofe two 
" alfeitlblages of pliant cylindtrs, of which you 
r< have ftcn engravings in Lorenzini *. By the 
« knowledge of this drcumftance we have been 
" able to direct his fhocks, though they were very 
" fmall, through a circuit df four perfons^ all feel- 
•* ing them $ liKt^ife through a cosiiiderable length 
* x of wire heH by two infulated perfons, one touching 
w his lower furface,. ami the other his upper. When 

* Obfervafcibni intorno *lfe Torp*diai di Stef. Lotensin 
1678, 

Redi appears to bfc the firft who remarked thefe fmgttlar partt 
of the Torpedo in x666« Franc, Red?, Exper, Nat, 

** the 
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" the wire was exchanged for glafs, or fealUig-wax, 
" no effeft could be obtained ; but as foon as it was , 
<c refutned, the two perfons became liable to the 
<c fhock. Thefe experiments have been varied many 
" ways, and repeated times without number, and 
" they all determined the choice of conductors 
" to be the fame in the Torpedo as in the Ley- 
" den Phial. The fenfetions likewife, occafioned 
<c by the one and the other in the human frame, are 
preciiely fimilar. Not only the fhock, but the 
numbing feniation which the animal ibmetimes 
difpenfes f expreflld in French by the words <?«- 
gourdijfement and jourmillement^ may be exadly imi-* 
rated with the Phial, by means of Lane's I ledro- 
cc metei ; the regulating rod of which, to produce the 
<c latter efFedt, muft be brought almoft into contadt 
" with the prime condudior which joins the PhiaL 
w We have not yet perceived any fpark to accompany 
<c the (hock, nor the pith balls to be ever afFedted. 
Indeed all our trials have been on very feeble 
fubje&s,. whofe {hock was feldom fenfible beyond 
" the touching finger: I remember but one, of at 
" lea ft two hundred, that I myfeif muft have re- 
" ceived, to have extended above the elbow. Per- 
" haps the Ifle of Re, which we are about to vifit, 
" may furniflb us with Torpedos frefher taken and of 
" more vigour, by which a farther infight into -thefe 
" matters may be had. Our experiments have been 
* chiefly in the air, where the animal was more 
" open to our examination than in water. It is a 
cc Angularity that the Torpedo, when infulated, 
" (hould be able to give to us, infulated likewife, 
" forty or fifty fucceflivc {hocks from nearly the 
i " fame 
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«* fame part; and thefe with little, if any diminu- 
tion in their force: indeed they were all very 
minute. Each effort in the animal to give the 
fhock is conveniently accompanied with a de« 

c< predion of his eyes, by which even his attempts 
to give it to non-condu&ors can be obferved. 
The animal, with refpeft to the reft of his body, 
is in a great degree motionlefs, but not wholly fo. 
You will pleafe to acquaint Dr. Bancroft, of our 
having thus verified his fufpicion concerning the 
Torpedo *, and make any other communication 
of this matter you may judge proper* Here I 

ct fhall be glad to excite, as far as I am able, both 
ele&ricians and naturalifts, to pufh their inquiries 
concerning this extraordinary animal, whilft the 
fummer affords them the opportunity/' 
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Extra&s of a Letter from Mr. Walsh to Dr, 
Franklin, dated Paris, 27th Auguft, 1772. 

c< I fpent a complete week in my ex- 

" periments at the lile of Re, and had there every 
" convenience for profecuting them to their extent, 
" except that I was reflrained by the jealoufy of 
the government from making them where the 
animal was caught. At my return to la Ro* 
€ * chelle, I communicated to the members of the 
« Academy of that place, and to many of the prin- 
« cipai inhabitants, all that I had obferved con- 
" cerning the Torpedo, in the intention of ftirring 

•* Bancroft's Natural Hiftory of Guiana, p. 194. 
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u up a fpirit of inquiry, both as to its electricity and 
« general (Economy. 

" The vigour of the frefh taken Tor- 

w pedos at the Ifle of Ri, was not able to force the 
** torpedinal fluid acrofs the minuted trad: of air ; 
** not from one link of a fmall chain, fufpended 
** freely^ to another 1 not through an almoft in- 
vifilble feparation, made by the edge of a penknife, 
in a flip of tinfoil parted on fealing-wax* The 
u fpark therefore (of courfe the attendant fnapping 
c * noife) was denied to all our attempts to difcover 
u it* not only in day-light, but in complete dark- 
nefs. I obferved to you, in my laft, the Angu- 
larity of the Torpedo being able, when infulated, 
u to give to an infulated perfon a great number of 
€€ fucceflive fhocks : in this fituation I have taken 
<c no lefs than fifty from him in the fpace of a 
u minute and an half. All our experiments con- 
M firmed, that his electricity was condenfed, in 
" the inftant of its explofion, by a fudden energy 
«< of the animal; and as there was no gradual 
« accumulation, nor retention of it, as in the cafe 
« of charged glafs, it is not at all furprizing that 
«< no figns of attra&ion or repulfxon were perceived 
" in the pith balls. In fliort, the effect of the Toi*- 
<* pedo appears to arife from a comprefied elaftic 
" fluid, reftoring itfelf to its equilibrium in the fame 
" way, and by the fame mediums-, as the elaftic fluid 
€ * coraprejSed in charged glafs. The fkin of the 
« animal, bad conductor as it is, feems to be a 
" better condu&or of his ele&ricity, than the 
H thineft plate of elaftic air. Notwithftanding the 
f * weak fpring of the torpedinal electricity, 1 was 

€s able 
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€ * able., in the public exhibitions of ti^y -experiments 
cc at la Hochelle, to convey it through "a circuit 
cc formed from one furface ef the animal to the 
<c other, by two longbrafs wires, and four perfons, 
<c which number, at times, was incr-eafed even to 
fc sight. The feveral perfons were made to com- 
" munkate with each other, and the two outermoft 
" with the wires, by means of water contained in 
" bafins, properly difpofed between them for the 
€C purpofe ; each perfon dipping his hands in the 
'• neareft bafins, conne&ively with his neigboiir gn 
*' either fide.--— — 

*< The efFeft produced by the Torpedo, when 
ie in air, appeared, on many repeated experiments, 
<c to be about four times as ftrong as when in 
«« water." 

A clear and fuccinft narrative of what pafled at 
one of the public exhibitions, alluded to in the laft 
letter, appeared in the French Gazette of the 30th 
October 1772. As it came from a very refpe&able 
quarter, not lefs fo from the private character of 
the gentleman, than from the public offices he held, 
I muft defire leave of the Society to avail myfelf of 
fudi a teftimony to the fadts 1 have advanced, by 
giving a tranflation of that narrative. 

Extra& of a Letter from the Sieut Seighette, 
Mayor of la Rochelle, and iccond perpetual 
Secretary of the Academy of that City, to the 
publisher of the French Gazette. 

* c In the Gazette of the 14th Auguft, you men- 
«< tioned the difeovery made by Mr. WaWh, Mem* 

" ber 
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€€ ber o£ the parliament of England, and of the 
44 Royal Society of London. The experiment, of 
44 which I am going to give yop an account, was 
46 made in the prefence of the Academy of this 
44 city* A live Torpedo was placed on a table. 
u Round another table ftood five perfons infulated. 
44 Two brafs wires, each thirteen feet long, were 
44 fufpended to the ceiling by filken firings. One 
44 of thefe wires refted by one end on the wet 
" napkin on which the fifh lay ; the other end 
-" was immerfed in a bafin full of water placed 
" on the fecond table, on which ftood four other 
44 bafins likewife full of water. The firft perfon 
4< put a finger of one hand in the bafin in which 
44 the wire was immerfed, and a finger of the 
44 other hand in the fecond bafin. The fecond 
"perfon put a finger of one hand in this laft 
" bafin, and a finger of the other hand in the 
44 third ; and fo on fucceflively, till the five per- 
4C fons communicated with one another by the 
44 water in the bafins. In the laft bafin one end 
44 of the fecond wire was immerfed \ and with 
44 the other end Mr. Wahh torched the back of 
44 the Torpedo, when the five perfons felt acorn* 
44 motion which differed in nothing from that of 
44 the Leyden experiment, except in the degree of 
44 force. Mr. Walfh, who was not in the circle 
44 of condudion, received no fhock. This expe- 
46 riment was repeated feveral times, even with 
44 eight perfons ; and always with the fame fuc~ 
44 cefs. The iidtion of the Torpedo is commu- 
< 4 nicated by the fame mediums as that of the 
44 ele£tric fluid. The bodies which intercept die 
Vol. LX1U. P p p " aftion 
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« a£iion of the one, intercept likewiie the a£ion 
« of the other. The effefts produced by the 
44 Torpedo referable in every refpe£t a weak elec- 

44 tricity." 

This exhibition of the eleftric powers of the 
Torpedo, before the Academy of La Rochelle, 
was at a meeting, held for the purpofe in my 
apartments, on the 2ad July 1772, and ftands 
legiftered in the journals of the Academy. 

The effe£t of the animal was, in thefe experi- 
ments, tranfoiitted through as great an extent and 
variety of condors as alraoft at any time we 
had been able to obtain it, and the experiments in- 
cluded, nearly, all the points, in which its analogy 
with the effedt of the Leyden Phial had been 
obferyed. Thefe points were ftated to the gentle- 
men prefenr, as were the circurnftances in which 
the two efFe&s appeared to vary. It was likewife 
reprefented to them, That our experiments had 
been almofl wholly with the animal in air ; 
That its a&ion in water was a capital deftderatum: 
That indeed all as yet done was little more than 
opening the door to inquiry : That much remained 
to be examined by the Electrician as well as by 
the Anatomift r That as artificial ele&rieity had 
thrown light on the natural operation of the 
Torpedo, this might in return, if well confidered, 
throw light on artificial eledtricity, particularly 
in thofe refpe&s in which they now feemed to 
differ : That for me, I was about to take leave of 
the animal, as nature had denied it to the Britifh 
feas ; and that the profecution of thefe refearches 

5 refted 
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rcfted in a particular manner with them, whofe 
(hores abounded with It, 

The Torpedo* on this occafion, difpeirfed only 
the diftimS;, inftantaneous ftroke, fo well known 
by the name of the eleftrie fhock. That pre- 
traded but lighter fenfation, that Torpor or 
Nun»bne& which he at times^ induces, and from 
which he takes his name, was not then experi- 
enced from the animal ; but it was imitated with 
artificial tdeftricity* and (hewn to be producible 
by a quick confecution of minute fhocks. This* in 
the Torpedo, may perhaps be eflfe&ed by the fttc- 
cefiive d4fcharge of his numerous cylinders, hi thfe 
nature of a running fire of mufketry : the ftrx>ng 
fingle ihock may be his general volley. Tn the 
continued eiFe<ft, as well as in the inftiintaiieous, 
his eyes, ufually prominent, are withdrawn into 
thek iockets. 

The fame experiments, performed with the 
fame Torpedos, were on the two fuccfcfeding days 
repeated before numerous companies of the prin- 
cipal inhabitants of La Rochelk. Befides the 
pleafu re of gratifying jfhe curiofity of fuch as en- 
tertained any on the fubjeft, and the defire I had 
to excite a profecution of the inquiry, I certainly 
wLlhed to give all poJSble notoriety to fa£s, which 
might other wife be deemed improbable, perhaps 
by feme of the firft rank in fcience. Great an* 
thorities had given a fan&ion to other foliitions of 
the phoenomena of the Torpedo ; and even the 
Bk&rician might not readily liften to affertions, 
which feemed, in fome refpe&s, to combat tire 
general principles of electricity, I had ieafon to 

P p p 2 make 



[47°3 

makefuch conclufions from different conventions 
I bad held on the fubjedt with eminent perfons 
both at London and Pari?. It is but juftice to fay, 
that of all in that clafs you gave me the greateft 
encouragement to look for fuccefs in this refearch, 
and even affifted me in forming hypothefes, how 
the Torpedo, fuppofed to be endued with ele&ric 
properties, might ufe them in fo conducting an 
dement as water* 

After generally recommending to others an ex- 
amination of the ele&ric powers of thefe animals 
when afting in water, I determined, before I took 
my final leave of them, to make fome farther ex- 
periments myfelf with that particular view ; fince, 
notwithftanding the familiarity in which we may 
he faid to have lived with them for near a month, 
we had never detected them in the immediate exer- 
cife of their ele&iric faculties againft other fifh, 
confined with them in the fame water, either in 
the circumftance of attacking their prey, or de- 
fending themfelves from annoyance : and yet 
that they poffeffed fuch a power, and exercifed it 
in a ftate of liberty, eould not be doubted. 

A large Torpedo, very liberal of his (hocks, 
being held with both hands by his ele&ric organs 
above and below,* was brifkly plunged into water 
to the depth of a foot, and inftantly raifed an 
equal height into air $ and was thus continually 
plunged and raifed, as quick as poffible, for the 
fpace of a minute. In the inftant his lower fur* 
face touched the water in his defcent, he always 
gave a violent (hock, and another ftill more vio- 
lent in the inftant of quitting the water in his 

afcent ; 
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afcent ; both which fhocks, but particularly the 
laft, were accompanied with a writhing in his 
body, as if meant to force an efcape : Befides 
thefe two (hocks from the fur face of the water, 
which may yet be confidered as delivered in the 
air, he conftantly gave at leaft two, when wholly 
in the air, and conftantly one and fbmetimes two, 
when wholly in the water. The fhocks in water 
appeared, as far as fenfation could decide, not to 
have near a fourth of the force of thofe at the 
furface of the water, nor much more than a fourth 
of thofe intirely in air. 

The fhocks received in a certain time were not, 
on this occafion, counted by a watch, as they 
had been on a former, when fifty were delivered, 
in a minute and a half, by the animal in an in* 
fulated and unagitated ltate : But from the quick- 
nefs, with which the immerfions were made, it 
may be prefumed there were full twenty of thefe 
in a minute ; from whence the number of (hocks, 
in that time, muft have amounted to above an 
hundred. This experiment, therefore, while it 
difcovered the comparative force between a (hock 
in water and one in air, and between a (hock 
delivered with greater exertion on the part of 
the animal and one with lefs, feemed to de- 
termine, that the charge of his organs with elec- 
tricity was effe&ed in an inftant, as well as the 
difcharge. 

The Torpedo was then put into a flat bafket, 
open at top, but fecured by a net with wide 
meflies, and, in this confinement, was let down 
into the water, about a foot below the furface ; 

being 
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being them touched, through the *ne(he$, with 
only a (ingle finger, on one of his ele&ric organs, 
while the other hand was held, at a diftance, in 
the water, he gave fhocks, which were diftin&Iy 
felt in both hands. 

The circuit for the pafiage of the efie<El being 
contra&ed to the finger and thumb of one 
hand, applied above and below to a (ingle organ, 
produced a fhock, to mr feiifation-, of twice 
the force of that in the larger circuit by the 
arms. 

The Torpedo, ft i 11 confined in the ba'flcet, being 
xaifed to within three inches of the furface of 
the water, was there touched with a fhort iron 
bolt, which was held, half above and half in the 
water* by one hand, while the other hand was 
dipped, as before, at a diftance in the water ; and 
ftrong (hocks, felt in both haftds^ were thus ob- 
tained through the iron. 

A Wet hetnpen cord being faftened to the iron 
bolt, was held in the hand above water, while 
the bolt touched the Torpedo ; and fliocks were 
obtained through both thofe fubftances. 

A left powerful Torpedo, fufpended in a final! 
aet, being frequently dipped into water and raifed 
again, gave, from the furface of the water, 
flight fliocks through the net to the perfon hold- 
ing k. 

Thefe experiments in water manifefted* That 

bodies, immerfed in that element, might be affec- 
ted by immediate contact with the Torpedo; 
That the ihorter the circuit in which the elec* 

tricity 
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t/ietfy mo^edj the greater would be the ef$e£fc; 
And that the fliock was communicable, from the 
animal in water, to per ions in air, through fome 
fubitances* 

How far harpoons and nets, confiding of wood 
and hemp, could in like rircuuxftances*. as*, it lias 
been frequently afier ted, convey $be e&8*.wa& 
not fo particularly tried as to enable us to confirm 
it. I mention the omiflion in the hope that fome 
one may be induced to determine the point by 
exprefs trials 

We convinced oar&lves* on former occasions, 
that the accurate Kaempfer *, who fo well de- 
scribes the effect of the Torpedo, and happily 
compares it with lightning, was deceived in the 
circumftance* that it could be avoided by holding 
in the breath, which we found no more to pre- 
vent the fhock of the Torpedo, when he was 
difpofed to give it, than- it would prevent the 
fhock of the JUeyden Phial. 

Several perfons, forming as many diftinft 
circuits, can be affe&ed by one itroke of the 
animal, as well as when joined in a GngJb circuit. 
For inftanee, four per ions, touching feparately 
his upper and lower fur faces,, were all aifedted ; 
two perfons like wife, after the electricity had 
pafled through a wire into a bafin of water, trans- 
mitted it from thence, in two dillin6t channels, 
as their fenfation convinced them, into another 
bafin of water, from whence it was condu&ed, 
probably in an united ft ate, by a fingle wire. How 

* Ksempf. Ammu Exot. 171^ p. 514* 

much 
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much further the effe<ft might be thus divided and 
fubdivided into different channels, was not deter- 
mined ; but it was found to be proportion ably 
weakened by multiplying thefe circuits, as it had 
been by extending the fingle circuit. 

Something may be expected to be faid of the 
parts 6f the animal immediately concerned in pro* 
during the ele&rical effeft. The engraving, which 
accompanies this letter, while it fhews the ge- 
neral figure of the Torpedo, gives an internal 
view of his ele&ric organs. The Society will, 
befides, have a full anatomical defeription of thefe 
parts from the ingenious Mr. John Hunter, in a 
paper he has exprefsly written on the fubje£t at 
Sv requeft It would therefore be fupekous 
for me to fay any thing either in regard to their 
lituation or ftru&ure. 

I have to obferve, however, That in thefe 
double organs refides the electricity of the Tor- 
pedo, the reft of his body appearing to be no 
otherwife concerned in his ele&rical effed than 
as conducing it: That they are fubje£t to the 
will of the animal; but whether, like other double 
parts fo controlable, they are exercifed, at times, 
iingly as well as in concert, is difficult to be afc 
certained by experiment : That their upper and 
under furfaces are capable, from a ftate of equi- 
librium with refpeft to ele&ricrty, of being in- 
ftantly thrown, by a meer energy, into an oppo- 
lition of a plus and minus ftate, like that of 
the charged Phial : That, when they are thug 
charged, the upper furfaces of the two are in 
the fame ftate of electricity; as are the under 
4 furfaces 
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farfaces of the two, though in a eoniraiy to 
that of the upper ; for no fiiock can be obtained 
by an infulated perfon touching both organs above* 
or both below: And that the produ&ion of the 
effe& depends fblely on an intetcdurfe being made 
between the oppofite Surfaces of the orgafts, 
whether taken fingly or jointly. 

All the parts tk>rdering on the organs a& t more 
or lefs, as conductors, either through their fub- 
ftance or by their fuperficies* While an infulate<t 
perfon, placing two fingers on the fame furface 
of one or both organs, cannot be affe&ed; if he 
removes one of his fingers to any fuch contiguous 
part, .he will be liable to afhocktbut this (hock will 
not be near, perhaps not half, fc violent, as one 
taken immediately between the oppofite furfaces 
of the organ ; which (hews the qpndu&ion to be 
very imperfe& 

The parts, which conduct the heft, are the two 
great lateral fins bounding the organs outwardly, 
and the fpace lying between the two organs' in- 
wardly. All below the double tranfverfe cartilages 
fcarcely condu<9E at all, unlefs when the fifh is jijft 
taken out of water and is ftill wet, the mucus, 
with which he is lubricated, {hewing Melf, as it 
dries, to be of an infulating nature. 

The organs themfelves, when uncharged, ap- 
peared to be, not interiorly we might fuppofe, 
but rather exteriorly, conductors of a (hock. An 
infulated perfon touching two Torpedos, lying 
near one another on a damp table, with fingers 
placed, one on the organ of one fifh, and another 

VoL.LXIII. Qqq on 
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oft the organ of the other, wa£ fenfible of lhocks f 
fometimes delivered by one 1(h, and fbme- 
times by the other, as might ' be discovered by 
the refpe&ive winking of their eyes. That the 
organs, uncharged, ferved fbme way or other as 
£ondu&ors, was confirmed with artificiaLele£tricity, 
in paffing (hocks by them ; and in taking fp&rks 
from them, when ele£tnfied« 

The eledtric effed was never perceived by lis to 
be attended with any motion or alteration in the 
organs themfelves, but was frequently atcom- 
panied with a little tranfient agitation along the 
cartilages which furround both organs : this is 
not discernible in the plump and turgid ftate of the 
animal, while he is frefli and vigorous ; but as hik 
force decays, from the relaxation of his mufcles, 
his cartilages appear through the fkin, and then 
the flight a£tion along them is discovered. 

May we not from all thefe premifes conclude, 
that the effeit of the Torpedo proceeds from 
a modification of the ele&fic fluid ? The Tor- 
pedo refembles the charged Phial in that eh&- 
rafteriftic point of a reciprocation between its 
two furfaces. Their effects are tranfinitted by 
the fame mediums ; than which there is not peri- 
haps a furer criterion to determine the identity of 
fubtile matter : They, befides, occafion the fame 
impreflion on our nerves. Like effects have like 
caufes. But it may be objeded, that the effe&i 
of the Torpedo, and of the charged Phial, are not 
fimilar in all their circumftances ; that the charged 
Phial occafioiis attractive or repulfive difpofitions 

in 
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In neighbouring bodies ; and that its difcharge is 
obtained through a portion of W, and is ac- 
companied with light and found ; nothing of 
■which occurs with refpeCl: to the Torpedo. 

The inaction of the electricity of the animal in 
thefe particulars, whilft its elaftic force is fo great 
as to tranfmit the effeCt through an extenfive cir- 
cuit and in its eourfe to communicate a fhock, may 
be a new phenomenon, but is no ways repug- 
nant to the laws of ekCtticity ; for here too* the 
operations of the animal .may be imitated by art. 

The fame quantity of eleCtric matter, according 
as it is ufed in a denfe or rare ftate, will produce 
th€ different confequences. For example, a fmali 
Phial, whbfe coated furface meafures only fix 
fquare inches* will, on being highly charged, 
contain a denfe electricity capable of forcing a 
paflkge through an inch of air, and afford the 
phenomena of light, found, attraction, and re- 

fulfion. But if the quantity condenfed in this 
'hial, be made rare by communicating it to three 
large connected jars, whofe coated furfaces fhall 
form together an area 400 times larger than that 
of the Phial (I inftance thefe jars becaufe they 
are fuch as I ufe) ; it will, thus dilated, yield all 
the negative phenomena, if I may fo call them, 
of the Torpedo ; it will not now pafs the hun- 
dredth part of that inch of air, which in its con- 
denfed ftate it fprung through with eafe ; it will 
now refufe the minute interferon in the ftrip of 
tinfoil ; the fpark and its attendant found, even the 
attraction or repullion of light bodies, will now 

Q q q z be 
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be wanting ; nor will a poi&i brought howerer 
near, if not in conta£fc, be able to draw off the 
charge : and yet, with this diminished elafticity, 
the ele&ric matter will, to effe& its equilibrium, 
inftantly run through a confiderable circuit of dif- 
ferent condu&ors, perfe&ly continuous, and make 
us fenfible of an impulfe in its paffage. 

Let me here remark, that the fagacity of Mjty 
Cavendifli in devifing and his adarefs in exe- 
cuting ele&rical experiments, led him the firft to 
experience with artificial ele&ricity, that a (hock 
could be received from a charge which was unable 
to force a paffage through the leaft fpace of air. 

But, after the difcovery that a large area of rare 
electricity would imitate the effe& of the Torpedo, 
it may be inquired, where is this large area to be 
found in the animal ? We here approach to that 
veil of nature, which man cannot remove. This, 
however, we know, that from infinite divifion of 
parts infinite furface may arife, and even ourgrofs 
optics tell us, that thole lingular organs*, fo often 
mentioned, confift like our ele&ric batteries of 
many veflels, call them cylinders or hexagonal 
prHms, whofe fuperficie* taken together furmflbi a 
confiderable area. 

I rejoice in addrefling thefe communications to* 
You. He, who predicted and Die wed that elec- 
tricity wings the formidable bolt of the atmof- 
phere, will hear with attention, that in the deep 
it fpeeds an humbler bolt, filent and invifible : He, 
who analyfed the ek&rified Phial* will hear with 
2 pleafure 



[ 477 J 

pleafure that its laws prevail in animate Phials : 
He, who by Reafon became an ele&rician, will 
hear with reverence of an inftin&ive electrician* 
gifted in his birth with a wonderful apparatus, 
and with the ikill to ufe it. 

However I may refpeCt your talents as an elec- 
trician, it is certainly for knowledge of more ge- 
neral import* that I am impreffed with that high 
efteem, with which I remain, 

Dear Sir, 

Your affe&ionate 

and obedient fervant* 



John Walfo 



Jlr !X- 
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EXPLANATION of the PLATE 



Of THE 



Male and Female Torpedo, or Ele&ric Ray. 

TA T> *VT"Y 

/T X3e -A.1.A. 

F I Ge I* 

A view of the under fur face of the female. 

a. An expofure, on flaying off the (kin, of 

the right ele&ric organ, which confifts 
of white pliant columns, in a clofe and 
for the moft part hexagonal arrange- 
ment, giving the general appearance of 
a honey-comb in miniature. Thefe 
columns have been fometimes denomi- 
nated cylinders ; but, having no inter- 
stices, they are all angular, and chiefly 
fix-cornered. 

b. The fkin which covered the organ, 

fhewing on its inward fide an hexa- 
gonal net work. 

c* The noftrils in the form of a crefcent. 

d* The mouth in a crefcent contrary to that 
of the noftrils, furnifhed with feveral 
rows of very fmall hooked teeth. 

e. The 
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e. The branchial apertures, five on each fide. 

f. The place of the heart. 

S* £* £• ^^ e P^ ace °^ t ^ ie two interior tranfverfc 
cartilages, which, paffing one above and 
the other below the fpine, ftfpport the 
diaphragm, and uniting towards their 
extremities, form on either fide a kind 
of clavicle and fcapula. 
h. h. The outward margin of the great lateral 
tin, 
/.•/. Its inner margin, confining with the 
ele&ric organ* 
h The articulation of the great lateral fin 

with the fcapula. 
/. The abdomen* 
m. m. m. The place of the pofterior tranfverfe car- 
tilage which is fingle, united w r ith the 
fpine, and fupports on each fide the 
imaller lateral fins* 

n * n * ^The two fmaller lateral fins, 
n. n.j 

o. The anus. 

p. The fin of the tail. 



F I G, 
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F I G. II. 

A view of the upper furface of the female, 

a. a. An expofure of the upper part of the 
right ele&ric organ. 

b. The (kin which covered the organ. 

c. The eyes, prominent and looking hori- 

zontally outwards, but capable of being 
occafionally withdrawn into their 
fockets. 
& Two circular apertures communicating 
with the mouth, and fumifhed each 
with a membrane* which in air, as well 
as in water, plays regularly backwards 
and forwards acrofs the aperture in the 
office of infpiration, 

e. The place of the right branchia. 

f. The two fins of the back. 

g.g. The place of the anterior tranfverfe car- 
tilages. 

F I G. HI. 

A view of the under furface of the male, whofe 
fize, as here reprefented, is, in general, fmaller 
than that of the female. 

a. a. Two appendices, diftinguiihing the male 
fpecies. 



The Male fc Female TORPEDO or ELE( 



Pig.l. 



Fig-. 3- 
Under t/uf/Lxs af/Aes t^Ha/cg 
ns/tiWi ta a&nera//u> rtfrux/let/ 




oale Torpedo or Electric Ray, 



FhU** Tr.in.i-- 1W,. LXm.Tah.JK./i 4J><> 



Fig-. 3. 
finder t/ttr/ac</ afmss t_yrla-lejC, 
v/ticA u a&ne/'fi//u< ama/le^ 
man tnc iS&ma/e/. 



Fig. 2. 
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Jf Robert* sctdp-rit. 



